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Purpose: The aim of this study was to assess the anatomic distribution and extent of deep 
venous reflux in patients with primary varicose veins (PVVs) and to investigate its 
influence on venous hemodynamics. 
Methods: Femoropopliteal venous reflux was examined using duplex color Doppler tfltra- 
sonography in 356 limbs with PVVs in 240 patients. Photoplethysmography (PPG) was 
performed using above-knee and below-knee tourniquets to determine the contributions 
of deep and superficial venous insufficiency. 
Results: Of 356 limbs with PVVs, 61 (17.1%) had femoropopliteal venous reflux, 42 
(11.8% ) had superficial femoral venous reflux alone, and 57 (16.0%) had popliteal venous 
reflux alone. Femoropopliteal venous reflux was associated significantly with clinical 
symptoms and shortened the half venous refilling time measured by PPG, especially in the 
presence of incompetent perforating veins. These findings were obtained regardless of the 
presence of long saphenous vein reflux. 
Conclusions: Femoropopliteal venous reflux associated with PVVs plays an important role 
in the pathophysiologic mechanism of venous tasis and influences venous hemodynamies 
in the presence of incompetent perforating veins and short saphenous vein. (J Vasc Surg 
1997;26:260-4.) 
Reflux in the deep venous system has been iden- 
tified as one of the major causes of chronic venous 
insufficiency. Since Kistner's first report 1of a success- 
ful valvuloplasty in patients with primary deep ve- 
nous incompetence, many vascular surgeons have 
repaired or replaced the incompetent valves in treat- 
ing nonobstructive nous insufficiency. 2-4 It is now 
well recognized that deep venous reflux of primary, 
nonthrombotic origin is frequently present in the 
limbs of patients with primary varicose veins (PVVs). 
When performed correctly, stripping of the long sa- 
phenous vein and ligation of the incompetent perfo- 
rating veins improves ymptoms and restores venous 
hemodynamics to normal. The venous reflux test is 
normalized in the majority of  these patients. ~Despite 
a substantial prevalence, relatively little is lmown 
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about the clinical significance of  deep venous reflux 
in the limbs of patients with PVVs. 
The aim of this study was to assess the anatomic 
distribution and the xtent of deep venous reflux in 
the limbs of patients with PVVs using duplex color 
Doppler ultrasonography. Moreover, we sought to 
determine the influence of this reflux on venous 
hemodynamics. 
PAT IENTS AND METHODS 
The study comprised a consecutive series of pa- 
tients who were referred to us for the treatment of 
varicose veins. A detailed history and clinical exami- 
nation were undertaken to exclude any patients with 
secondary deep venous incompetence. Patients in 
whom postthrombotic changes were later diagnosed 
with color Doppler imaging were excluded from the 
study. Three hundred fifty-six limbs in 240 patients 
with PVVs were included in this study. Of  the pa- 
tients, 116 (48%) had varicose veins in both legs. 
There were 49 men (71 limbs) and 191 women (285 
limbs) ranging in age from 17 to 80 years, with a 
mean age of 50.6 years. All symptomatic extremities 
had obvious varicose veins. According to the clinical 
classification for chronic venous insufficiency (CVI) 
by an International Consensus Committee, 6 280 
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Table I. Relationship between distribution 
of deep venous reflux and severity of 
clinical symptoms 
CVI class n (%) 
2 3 4 6 
Femoropopliteal 40 (66) 3 (5) 16 (26) 2 (3) p < 0.05 
reflux group 
Femoral reflux group 33 (79) 2 (5) 6 (14) 1 (2) NS 
Poplitealreflux group 44 (77) 2 (4) 10 (17) 1 (2) NS 
No reflux group 163 (83) 8 (4) 23 (12) 2 (1) 
Numbers of limbs are shown and expressed as a proportion of all 
limbs in each group. Three reflux groups are compared with the 
no reflux group. 
limbs were assigned to class 2, 15 to class 3, 55 to 
class 4, and 6 to class 6. 
Duplex color Doppler ultrasonography. A de- 
tailed examination of the entire venous ystem from 
the groin to the ankle was performed in all limbs 
using duplex color Doppler ultrasonography with 
both 5 and 7.5 MHz probes (Quantum 2000, Sie- 
mens, Issaquah, Wash.). The superficial and deep 
venous ystems were initially examined to exclude a 
postthrombotic syndrome. All patients were exam- 
ined on a standard tilt table in a 30-degree reverse 
Trendelenburg position while placing their weight 
mainly on the opposite limb. The long saphenous 
vein from the saphenofemoral junction to the knee 
and the superficial femoral vein distal to the termina- 
tion of the deep femoral vein were examined with the 
patient in the supine position. The short saphenous 
vein from the saphenopopliteal junction to the calf 
and the popliteal vein distal to the termination ofthe 
short saphenous vein were assessed with the patient 
in the prone position. An automatic cuff inflator was 
used for rapid inflation and deflation of the cuff, 
which was placed on the calf (120 mm Hg, 10 cm in 
width). Observations were recorded in the superficial 
and popliteal veins during cuff deflation and during 
sustained Valsalva maneuver. Reflux was considered 
significant if the duration of retrograde flow ex- 
ceeded 0.5 seconds. An attempt was made to identify 
incompetent perforating veins by squeezing the foot 
and calf. When the flow was seen toward the superfi- 
cial system, tlae perforating vein was considered to be 
incompetent. All scans were performed by the same 
experienced vascular technologist. 
Photoplethysmography. Hemodynamic assess- 
ment of the amount of reflux in the limbs with PWs 
was made using photoplethysmography (PPG; Imex- 
lab 9000, Imex Medical Systems Inc., Golden, 
Colo.). PPG probes were secured to the skin 5 cm 
Table II. Relationship between distribution 
of deep venous reflux and number of 
incompetent perfbrators 
Number of incompetent perforators 
n (0/o) 
More 
0 1 than 2 
Femoropopliteal 22 (36) 20 (33) 19 (31) p < 0.05 
reflux group 
Femoral reflux 14 (33) 17 (41) 11 (26) NS 
group 
Popliteal reflux 25 (44) 14 (24) 18 (32) NS 
group 
No reflux group 95 (49) 65 (33) 36 (18) 
Numbers of limbs are shown and expressed as a proportion of all 
limbs in each group. Three reflux groups are compared with e 
no reflux group. 
proximal to the medial malleolus. After five dorsiflex-- 
ions of the ankle in a sitting position, the tracing was 
recorded until it returned to baseline levels. The 
procedure was repeated using an above-knee and 
below-knee rubber tourniquet. The alf venous re- 
filling time (1/2VRT) was calculated in seconds by 
measuring the refilling time that was necessary for 
the baseline shift to reach 50% of the steady state 
after exercise. In our laboratory, a 1/2VRT measure- 
ment greater than 7.3 seconds i considered normal, s~ 
Statistical analysis. Student's t test, X 2 test, 
analysis of variance, and Fisher's protected least sig- 
nificant difference were used in the statistical analysis. 
The results are expressed as the mean _+ standard 
deviation. A p value less than 0.05 was considered 
significant. 
RESULTS 
Of the 356 limbs with PVVs, 215 (60%) had 
reflux confined to the long saphenous vein, 58 (16%) 
had reflux in the long and short saphenous veins, and 
38 (11%) had reflux confined to the short saphenous 
vein, The overall incidence of superficial venous re- 
flux was 87% ( 311 of 356); in the remaining 45 limbs 
no superficial venous reflux was found with duplex 
color Doppler ultrasonography. The measurement of 
deep venous reflux revealed that 61 limbs (17.1%) 
had reflux in both the superficial femoral and popli- 
teal veins (femoropopliteal reflux group), 42 (11.8%) 
had reflux confined to the superficial femoral vein 
(femoral reflux group), and 57 (16.0%) had reflux con- 
fined to the popliteal vein (popliteal reflux group). The 
overall incidence of deep venous reflux was 44.9% 
(160 of 356); the remaining 196 limbs were normal 
(no reflux group). 
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Table HI. Relationship between distribution 
of deep venous reflux and hemodynamic 
assessment by photoplethysmography 
Half venous refilling time (see) 
No Above-knee Below-knee 
tourniquet tourniquet tourniquet 
Femoropopliteal 4.7 + 3.0:~ 6.6 + 2.9:~ 9.3 + 4.81- 
reflux group 
Femoral reflux group 6.6 ± 3 .7*  8.9 + 3.3 11.9 ± 5.4 
Popliteal reflux group 8.2 + 4.1 8.7 + 2.6 11.4 ± 4.5 
No reflux group 8.1 ± 4.4 9.7 + 3.5 12.0 + 4.8 
Data are expressed as mean ± SD. 
Half venous refilling times in the three r flux groups are compared 
with those in the no reflux group; *p < 0.05, ]'p < 0.01, J~p < 
0.0001. 
The relationship between the distribution of deep 
venous reflux and the CVI class is illustrated in Table 
I. Patients with severe venous disease (CVI classes 4 
and 6) were more common in those with femoro- 
popliteal reflux. The incidence of severe venous dis- 
ease was also evaluated in the 273 limbs with the 
reflux of the long saphenous vein. It was 35% (18 of 
52) in the femoropopliteal reflux group, 24% (six of  
25) in the femoral reflux group and 23% (nine of 40) 
in the popliteal reflux group, whereas that of no 
reflux was 16% (25 of 156). There is a significant 
difference between the femoropopliteal reflux group 
and no reflux group (p < 0.01). 
The relationship between the distribution of deep 
venous reflux and the number of incompetent perfo- 
rating veins in the calf is shown in Table II. The 
incompetent perforating veins were found more fre- 
quently in the femoropopliteal reflux group than in 
the no reflux group. 
Without a tourniquet, the 1/2VRT was signifi- 
cantly shorter in patients with severe venous disease 
than in those belonging to CVI classes 2 and 3 
(4.2 -+ 2.0 seconds vs 8.1 + 4.3 seconds; p < 
0.0001). This 1/2VRT difference was erased by the 
application of a below-knee tourniquet (10.8 + 4.7 
seconds vs 11.6 + 4.9 sec). The relationship between 
the distribution of deep venous reflux and the PPG 
results is summarized in Table III. Without a tourni- 
quet, the 1/2VRT was significantly shorter in the 
femoropopliteal reflux group and the femoral reflux 
group than in the no reflux group. There was no 
significant difference in the I /2VRT between the 
popliteal reflux group and the no reflux group. Ap- 
plication of an above-knee tourniquet increased the 
1/2VRT in the femoral reflux group and the no 
reflux group, and the difference between these two 
groups was erased. However, the effect on the femo- 
ropopliteal reflux group was not substantial. Al- 
though the 1/2VRT returned to a normal value after 
the application of a below-knee tourniquet in all 
groups, a significant difference in the 1/2VRT, how- 
ever, remained between the femoropopliteal reflux 
group and the no reflux group. The 1/2VRT with a 
below-knee tourniquet was also evaluated in the 273 
limbs with reflux in the long saphenous vein. It was 
9.2 _+ 5.0 seconds ha the femoropopliteal reflux group, 
12.5 _+ 6.2 seconds in the femoral reflux group, 11.7 _+ 
5.1 seconds in the popliteal reflux group and 12.0 _+ 
4.8 seconds in the no reflux group. The femoropop- 
liteal reflux group had significantly shorter 1/2VRT 
than the other groups. 
Table IV shows the relationship between the 
number of incompetent perforating veins and the 
PPG results. Without a tourniquet, he 1/2VRT was 
significantly shorter in the femoropopliteal reflux 
group than in the no reflux group regardless of the 
number of incompetent perforating veins found. The 
1/2VRT in these two groups decreased as the num- 
ber of incompetent perforating veins increased; how- 
ever, a significant difference remained. Application of 
a below-knee tourniquet erased a significant differ- 
ence in the 1/2VRT when no incompetent perforat- 
ing veins were detected. In the presence of incompe- 
tent perforating veins, the femoropopliteal reflux 
group exhibited a significantly shorter 1/2VRT. 
DISCUSSION 
There have been many reports on the incidence 
of deep venous reflux in limbs with PVVs. In earlier 
studies, deep venous reflux was measured by de- 
scending venography or continuous wave Doppler 
ultrasonography. Ackroyd et al.7 have reported that 
descending venography demonstrated deep venous 
reflux down to the knee joint in 22.5% of 40 limbs 
with varicose veins. Almgren and Eriksson 8have re- 
ported that deep venous reflux was found using 
Doppler ultrasound in 20.6% of 296 limbs with un- 
treated PVVs. Recently, with the application of du- 
plex color Doppler imaging to the peripheral venous 
system, the true incidence, anatomical distribution, 
and clinical significance of deep venous reflux in 
limbs with PVVs has become more clear. We found 
that the overall incidence of deep venous reflux was 
44.9%. The distribution and extent of reflux was 
strongly associated with the clinical severity of the 
CVI class. These results are in close agreement with 
those of other investigators, who have reported that 
the incidence of deep venous reflux is 20% to 
41%. 9-11 In addition, skin changes are significantly 
associated with reflux in multiple venous segments 
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Table IV, A. Relationship between umber 
of incompetent perforators and hemodynamic 
assessment byphotoplethysmography 
without ourniquet 
Number of incompetent perforators 
0 ] More than 2 
Femoropopliteal 6.2 + 3.8* 4.4 + 2.7* 3.7 + 2.0* 
reflux group 
Femoral reflux group 7.5 + 3.3 7.3 + 4.3 4.4 + 1.9 
Popliteal reflux group 9.7 + 4.4 6.0 +_ 2.1 7.6 + 4.0 
No reflux group 9.3 + 5.0 7.2 + 3.6 6.4 + 3.0 
Data are expressed as mean + SD. 
Half  venous refilling times in the three reflux groups are compared 
with those in the no reflux group; *p < 0.01. 
Table IV, B. Relationship between umber 
of incompetent perforators and hemodynamic 
assessment by photoplethysmography wit  
below-knee tourniquet 
Number of incompetent perforators 
0 1 More than 2 
Femoropopliteal 10.6 + 5.0 9.1 + 5.61" 8.4 + 3.6* 
reflux group 
Femoral reflux group 14.0 _+ 7.0 11.5 + 3.9 9.9 + 4.7 
Popliteal reflux group 12.3 + 5.0 10.6 -+ 3.1 10.7 _+ 4.7 
No reflux group 11.7 + 4.8 12.4 +_ 4.4 11.7 + 5.3 
Data are expressed as mean _+ SD. 
Half  venous refilling times in the three reflux groups are compared 
with those in the No reflux group; *p < 0.05, }p < 0.01. 
or reflux below the knee. 9,12 Therefore, deep venous 
reflux, present in 30% to 40% offimbs with PVVs, may 
contribute to the development of clinical symptoms 
such as lipodermatosclerosis or ulceration. 
The hemodynamic significance of femoropopli- 
teal venous reflux in patients with PVVs remains 
unclear. Studies r garding venous hemodynamics af-
ter a femoropopliteal vein reconstruction may give 
important insight o this question. Ferris and Kist- 
net 13 reported that seven of 12 patients who under: 
went reconstruction f the femoral vein combined 
with interruption of perforating veins had normal 
postoperative ambulatory venous pressures, com- 
pared with only one of nine whose incompetent 
perforating veins were left alone. Johnson et al.3 
studied 12 limbs in 10 patients who had undergone 
femoral valve transposition without ligation of per- 
forating veins. They found no eventual improve- 
ment in venous hemodynamics after operation, and 
stressed the importance, of incompetent perforating 
vein ligation during surgery. Huse et al. 4 have re- 
ported that the venous recovery rime evaluated by 
ambulatory venous pressure measurement was signif- 
icantly increased after vein transposition surgery, in 
which all incompetent perforating veins had been 
previously igated. In the present study, a PPG exam- 
ination with above-knee and below-knee tourniquets 
was used to determine the contributions of both 
deep and superficial vein insufficiency. We found that 
without a tourniquet, he 1/2VRT in the femoro- 
popliteal reflux group and the femoral reflux group 
was significantly shorter than that found in the no 
reflux group. The application of an above-knee tour- 
niquet increased the 1/2VRT in the femoral reflux 
group and the no reflux group; however, the 
1/2VRT did not normalize in the femoropopliteal 
reflux group. When the long and short saphenous 
veins were occluded by the application of a below- 
knee tourniquet, he 1/2VRT returned to a normal 
value in all groups. From these observations, it is 
speculated that femoropopliteal venous reflux may 
influence the venous hemodynamics when combined 
with incompetence of a short saphenous vein or the 
perforating veins. 
Of special interest is the difference between deep 
venous incompetence associated with PVVs and the 
postthrombotic syndrome. Hanrahan et al. n found 
deep venous reflux in 41% of patients who had PVVs 
that belonged to CVI class 1 or 2. They raised a 
question as to why the majority of limbs with PVVs 
that had concomitant deep venous reflux did not 
exhibit signs of chronic venous insufficiency, such as 
swelling, hyperpigmentation, or ulceration. 11 In 
contrast to PVVs, patients who have the postthrom- 
boric syndrome have more severe symptoms and 
significantly abnormal hemodynamic f ndings. Often 
these patients cannot be well managed using elastic 
support, superficial venous urgery, or both of these. 
Hemodynamic assessment using air plethysmogra- 
phy revealed that the residual volume fraction was 
increased, and that the ejection fraction was de- 
creased in limbs with postthrombotic syndrome 
compared with limbs with PgVs. 14 From a physio- 
logic viewpoint, he main abnormality with the post- 
thrombotic syndrome may lie in the multilevel valvu- 
lar insufficiency extending to tibial veins, whereas 
that of PVVs may be limited to femoropopliteal ve- 
nous reflux. 
We conclude that femoropopliteal venous reflux 
plays an important role in the pathophysiologic 
mechanism of venous stasis of the limb. It influ- 
ences venous hemodynamics in the presence of 
incompetent perforating veins, short saphenous 
vein, or both. 
JOURNAL OF VASCULAR SURGERY 
264 Sakurai et al. August 1997 
We acknowledge the careful and dedicated assistance 
of  N. Mano, without whom much of  the data could not 
have been collected. 
REFERENCES 
1. Kismer RL. Surgical repair of the incompetent femoral vein 
valve. Arch Surg 1975;110:1336-42. 
2. Raju S, Fredericks R. Valve reconstruction procedures for 
nonobstructive venous insufficiency: rationale, techniques, 
and results in 107 procedures with two- to eight year follow- 
up. J Vasc Surg 1988;7:301-10. 
3. Johnson ND, Queral LA, Flinn WR, Yao JST, Bergan JJ. Late 
objective assessment ofvenous valve surgery. Arch Surg 1981; 
116:1461-6. 
4. Huse JB, Nabseth DC, Bush HL, Widrich WC, Johnson WC. 
Direct venous urgery for venous valvular insufficiency of the 
lower extremity. Arch Surg 1983;118:719-23. 
5. Alam S, Sakurai T, Yano T, Shionoya S, Hirai M. Hemody- 
namic assessment of chronic venous insufficiency. Jpn J Surg 
1991;21:154-61. 
6. Porter JM, Moneta GL, International Consensus Committee 
on Chronic Venous Disease. Reporting standards in venous 
disease: an update. J Vase Surg 1995;21:635-45. 
7. Ackroyd JS, Lea Thomas M, Browse NL. Deep vein reflux: an 
assessment by descending phlebography. Br J Surg 1986;73: 
31-3. 
8. Almgren B, Eriksson I. Primary deep venous incompetence in 
limbs with varicose veins. Acta Chir Scand 1989;155:455-60. 
9. Myers KA, Ziegenbein RW, Zeng GH, Matthews PG. Duplex 
ultrasonography scanning for chronic venous disease: patterns 
of venous reflux. J Vase Surg 1995;21:605-12. 
10. ICatsamouris AN, Kardoulas DG, Gouttsoyiannis N. The na- 
ture of lower extremity insufficiency in patients with primary 
varicose veins. Eur J Vase Surg 1994;8:464-71. 
11. Hanrahan LM, Kechejian GJ, Cordts PR, Rodriguez AA, 
Arald CA, LaMorte WW, et al. Patterns of venous insuffi- 
ciency in patients with varicose veins. Arch Surg 1991;126: 
687-91. 
12. Weingarten MS, Branas CC, Czeredarczuk M, Schmidt JD, 
Wolferth CC Jr. Distribution and quantification of venous 
reflux in lower extremity chronic venous stasis disease with 
duplex scanning. J Vasc Surg 1993;18:753-9. 
13. Ferris EB, Kismer RL. Femoral vein reconstruction i the 
management of chronic venous insufficiency. Arch Surg 
1982;117:1571-9. 
14. Christopoulos D, Nicolaides AN, Cook A, Irvine A, Galloway 
JM, V~rflldnson A. Pathogenesis of venous ulceration n relation 
to the calf muscle pump fimcfion. Surgery 1989;106:829-35. 
Submitted Nov. 26, 1996; accepted Feb. 14, 1997. 
